Background: Lodox/Statscan is a new digital X-ray machine with a low dose of radiation exposure that provides rapid, whole-body scans. In the setting of acute trauma management, the importance of image study is well recognized. Here, we report the accuracy of diagnoses made using Lodox/Statscan in patients with multiple injuries. We analyze the cost effectiveness, biohazard safety, and detection rate for treatment using the Lodox/Statscan and evaluate whether it is a viable alternative to the conventional trauma X-ray. Methods: We retrospectively reviewed patients who received a Lodox/ Statscan between November 2007 and January 2009. All patients who had received both a Lodox/Statscan and a computed tomographic (CT) scan were enrolled. The CT scan was used to make the final diagnosis. The detection rate for treatment, sensitivity, and specificity of the Lodox/Statscan in diagnosis was analyzed. Results: One hundred eighty-four patients were eligible for the study during the 15-month study period. The detection rates for treatment using the Lodox/Statscan for pneumothorax, pelvic fracture, cervical spine injury, and thoracic-lumbar spine injury were 95%, 96.0%, and 57.1%, and 100%, respectively. Conclusion: In our series, the Lodox/Statscan provided similar quality images and conventional series to the CT scans. Although the Lodox/ Statscan missed some injuries, most of the subsequent treatments were not changed. Overall, there were several advantages to using this system, including the short interval of study, low-radiation exposure, and low cost. The Lodox/Statscan could therefore be used as an alternative to the traditional trauma X-ray for evaluation of acute trauma patients.
T he Lodox/Statscan was initially applied in the diamondmining industry to assist in the detection of smuggled diamonds. It is a digital X-ray machine with a very low-dose X-ray unit and was adopted for use in clinical testing in 1999. 1 Recent reports have addressed its advantages with regard to rapid patient surveys and efficiency in acute trauma management. Detection of bone fractures and searches for foreign bodies have also been reported. [2] [3] [4] In addition, application of the Lodox/Statscan for the detection of peripheral vascular injury has also been reported. 5 The China Medical University Hospital (CMUH) is a government-accredited tertiary care center that serves as a major trauma referral center in the central region of Taiwan. This digital X-ray machine has been used at the CMUH since November 2007 as a tool for the primary survey of patients with multiple injuries.
The importance of diagnostic image studies has been well recognized to play a key role in the management of acute trauma, and the quality of the images can reduce the morbidity and mortality of trauma patients. 6 Besides conventional X-ray, several diagnostic tools, such as the whole-body computed tomographic (CT) scan and magnetic resonance imaging, have been applied to in the evaluation of trauma patient. The above diagnostic tools provide better resolution and more information in the initial trauma survey; however, the amount of time required to administer them could delay definitive treatment, result in a detrimental outcome. [7] [8] [9] Delayed surgical intervention for significant injuries could play a pivotal role in trauma-related morbidity and mortality, whereas some occult injuries can spontaneously resolve themselves without intervention. The search for a more efficient tool for the initial survey of major trauma patients is always needed in trauma medicine. This tool should provide timely and adequate information to guide physicians in making appropriate decisions for trauma management. In addition, the biohazard safety and cost effectiveness of the diagnostic tool should also be considered.
The Lodox/Statscan was introduced into the emergency room and was thought to have the potential to compete with existing radiologic examinations. 2 Several reports have delineated the accuracy of the Lodox/Statscan, however, no known report has described its ability in evaluation of the need for emergency treatment. 2, 3 The goal of our study was to delineate the diagnostic accuracy of the Lodox/Statscan and to compare its cost, radiation exposure, and ability in evaluation of the need for emergency treatment with the conventional X-ray and CT scan.
MATERIALS AND METHODS
We reviewed the medical records of patients who received a Lodox/Statscan examination at the CMUH be-tween November 2007 and January 2009. During this 15-month period, the radiographic images of patients who had sustained multiple injuries were collected. These patients were treated according to our established algorithm (Fig. 1) . The Lodox/Statscan is an integrated whole-body digital image with very low-dose X-ray unit. It is used as a part of the adjunct in primary survey to replace conventional X-rays at our institution. The CT scan is used as the definitive diagnostic tool in the secondary or tertiary survey on the hemodynamically stable patients as the Advanced Trauma Life Support guidelines. 10 Patients who had received both a Lodox/ Statscan and a CT scan were enrolled in the study (n ϭ 184). The conventional radiologic study, including an anteroposterior view of the chest and of the pelvis, as emphasized by Advanced Trauma Life Support guidelines, was the focus. Through comparison of these two diagnostic modalities, we were able to analyze the Lodox/Statscan in terms of sensitivity to diagnosis, number of subsequent treatment procedures, and detection rate for treatment.
RESULTS
During the 15-month period, 1,724 patients received a Lodox/Statscan for primary survey in the emergency department. The majority of the patients (n ϭ 1,511) met motor bicycle crash with multiple injuries and observed without further study. There were another 19 patients received emergency operation after primary survey due to critical condition and fail to receive further image studies. Ten patients died in emergency department, and no further survey was undertaken. Because of the lack of final CT scans for comparison, these 1,540 patients were excluded from our study. Consequently, a total of 184 patients (111 men and 73 women) who had received both a Lodox/Statscan and a CT scan were enrolled. Their mean age was 35.3 years Ϯ 13.1 years and Injury Severity Score was 15.7 Ϯ 12.8. Thirty-four (18.5%) of them sustained both torso and extremity injuries, 79 (42.9%) had a torso injury without extremity injury, and 9 (4.9%) had isolated extremity injury. The remaining 62 patients (33.7%) had neither torso nor extremity injuries were noted. The number of injuries detected by CT, numbers of treatment after CT scan, and numbers of treatment after Lodox/Statscan are listed in Table 1 . The detection rate for the treatment, sensitivity, and specificity of the Lodox/ Statscan in the diagnosis of pneumothorax, hemothorax/lung contusion, rib fractures, clavicle fractures, scapula fractures, pelvic fractures, and spine injury are presented in Table 2 . Patients whose injuries were initially missed by Lodox/ Statscan and the clinical managements were subsequently changed are listed in Table 3 .
DISCUSSION
The Lodox/Statscan is a digital X-ray machine with a very low-dose X-ray unit. It was developed in South Africa and has been applied in emergency rooms for acute trauma survey since 1999. 1 We applied the Lodox/Statscan as part of the primary survey assessment at our institution (Fig. 1) . It provides images of torso injuries in place of conventional X-rays. Not including images of the extremities could result in missed injuries. As a result, additional films or higher resolution images were necessary for secondary or tertiary surveys of some patients. Many minor injuries, however, resolved without treatment. This raises the question as to whether these high-quality images provide appropriate information or whether increased sensitivity and the possibility of unnecessary diagnoses should be considered.
In dealing with life-threatening injuries in the emergency room, thoracic trauma is found to be a significant cause of mortality. 11 Of major concern is clinical failure to recognize a tension pneumothorax or a massive hemothorax. 10 A blunt chest contusion may result in a simple pneumothorax, which is often diagnosable on a plain chest film. However, an occult pneumothorax can only be diagnosed when a CT scan is performed because the patient is otherwise asymptomatic. This phenomenon cannot be observed on plain film, and the incidence is reported to range from 20% to 72%. 12, 13 Occult pneumothorax can be treated conservatively without the use of a chest tube thoracotomy. 14 In this study, five patients with pneumothorax were initially missed by the Lodox/Statscan but were diagnosed by CT scan. Four of the five patients (80%) with a pneumothorax missed by Lodox/Statscan could be treated conservatively without further treatment. Only one patient received a chest tube thoracotomy due to gradually progressing chest pain and dyspnea several days later, indicating that most significant cases of pneumothorax could be effectively screened by the Lodox/Statscan system (Table 3) . Overall, we found that the sensitivity and specificity of diagnosing a pneumothorax using the Lodox/Statscan were 79.2% and 100%, respectively. The detection rate for treatment using the Lodox/Statscan to diagnose a pneumothorax was 95%. Therefore, the Lodox/Statscan appears to be useful and reliable in the diagnosis of a pneumothorax as well as for determination of the necessary treatment course. Reports have shown that an early thoracic CT scan is superior to plain film in diagnosing a hemothorax or lung contusion. 15 A minimal hemothorax can only be detected by CT scan. Most minimal hemothoraces or lung contusions, however, can resolve themselves without intervention. In this study, although the sensitivity and specificity of the Lodox/ Statscan were 53.6% and 100%, respectively, only minimal hemothoraces were missed (Table 1, N ϭ 13). Mandatory surgical intervention is typically not necessary in the majority of missed minimal hemothoraxes, 16 as observed in our series. In this study, 53.6% of the patients with a hemothorax were diagnosed using the Lodox/Statscan, and all required a chest tube thoracotomy. The remaining 46.4% of patients who had a hemothorax, however, did not require aggressive treatment, and the hemothoraces resolved without intervention. The Lodox/Statscan, therefore, yielded acceptable results for the diagnosis of meaningful hemothoraces and might provide judicious decision for further treatment. The management plans for thoracic trauma remained unchanged, even when thoracic injuries were missed by the Lodox/Statscan. Pelvic fracture is an injury that may result from a high kinetic energy impact and is often life threatening. [17] [18] [19] It frequently occurs in patients with multiple injuries and is accompanied by a mortality rate ranging from 6% to 18%. 20 Pelvic plain film X-rays and CT scans are typically used to evaluate patients with pelvic fractures. The sensitivity of the plain pelvic X-ray has been reported as ϳ78%. 21 In our series using the Lodox/Statscan, the sensitivity and specificity of diagnosing pelvic fractures were 85.7% and 100%, respectively. The Lodox/Statscan is, therefore, capable of diagnosing a pelvic fracture. In addition, pelvic stability could be evaluated by Lodox/Statscan. The CT scan plays an important role in the evaluation of a pelvic fracture and the associated intra-abdominal injury or evaluation of active bleeding in the retroperitoneum. Of all our four patients with pelvic fracture who were missed by the Lodox/Statscan but found by CT scan, but only one of them (25%) suffered retroperitoneal active bleedings related to pelvic fracture that required angioembolization (Table 3) . Accordingly, the Lodox/Statscan is efficient in diagnosing pelvic fracture, and the CT scan still plays an irreplaceable role in the evaluation of intra-abdominal injuries and retroperitoneal hemorrhage. 22 According to previous literatures, cervical spine (Cspine) injuries are missed in 40% to 60% of cases by plain film evaluations. [23] [24] [25] Therefore, it is risky to evaluate C-spine injuries solely based on plain films. Many reports indicate the higher sensitivity of CT scans in the diagnosis of C-spine injuries, and the CT scan may be used instead of plain images to evaluate the C-spine injury. 10,26 -29 In our series, the sensitivities of the Lodox/Statscan in diagnosing C-spine and thoracic-lumbar spine (TL spine) injuries were 57.1% and 83.3%, respectively. The Lodox/Statscan missed a thoracic or lumbar spine injury in four patients and a C-spine injury in three patients. The former four patients with TL spine injuries were only minor fracture limited to transverse and spinous processes without cord injury and could be treated conservatively. Three patients with missed C-spine injuries were subluxation in one and minor fractures in two, but the semirigid cervical collar immobilization was suggested by the neurosurgeon (N.S.) ( Table 3 ). The Lodox/Statscan is less effective in diagnosing injuries at C-spine than the TL spine. This fact may be similar to the plain X-ray due to confounded by the patient's shoulders or narrow cervical intervertebral space. The Lodox/Statscan could not be used to compete with CT scan in the diagnosis of C-spine injury, however, it can Pneumothorax  24  19  20  1  Hemothorax/lung contusion  28  15  15  0  Rib, clavicle, and scapula fracture  37  27  27  0  Pelvic fracture  28  24  25  1  C-spine injury  7  4  7  3  TL-spine injury  24  20  20  0 Each patient could have had more than one injury. Thus, the total number of injuries exceeds the total number of patients. still provide initial images survey of spinal integrity without additional times. A comparison of radiation dose, cost, and overall sensitivity and detection rate for treatment using the Lodox/ Statscan, conventional X-rays, and CT scans is presented in Table 4 . 30 -33 In terms of sensitivity, the Lodox/Statscan could potentially compete with conventional X-rays in diagnosing individual injuries. The detection rate for treatment using the Lodox/Statscan is remarkable, indicating that mandatory procedures could be performed appropriately after Statscan. Moreover, the cost of the single-image Lodox/Statscan study is lower than the sum of multiple X-ray studies. Furthermore, the radiation dose is much lower than that used in conventional X-rays and CT scans. Finally, because of the lower radiation exposure, the biohazard safety of the Lodox/ Statscan could be promoted.
We recognize that the limitations of this study, with its small sample size, retrospective nature, and possible bias of case selection, may restrict the analytical conclusions that can be extracted. However, these results indicate that Lodox/ Statscan seemed to provide similar quality of image study as conventional plain films and a potential alternative to trauma series X-rays. Further studies with larger sample sizes, prospective nature, and comparisons of different diagnostic modalities are needed to establish the optimal role of the Lodox/ Statscan in diagnosis and treatment at the emergency department.
CONCLUSION
The Lodox/Statscan is the whole-body scan providing the integrated evaluation of trunk, four extremities and whole spine, and can be completed within a very short interval without interruption of resuscitation. Although the Lodox/ Statscan missed some minor injuries, none of these injuries were life threatening and subsequent treatment was not noticeably changed. Moreover, the Lodox/Statscan emits a very low-radiation dose compared with conventional X-rays and appears to be a relatively safe and inexpensive adjunct for the primary survey on acute trauma patients. 
